Abstract. Let R be a polynomial ring over a field of dimension n. Let m be the maximal homogeneous ideal of R. Let I be a complete intersection homogeneous ideal of R minimally generated by polynomials of degrees d 1 , d 2 , . . . , d n . F. S. Macaulay showed that for all integers i = 0, 1, . . . , δ + 1, I :
We provide a modern proof of a generalization of this result to standard graded Gorenstein rings.
In §86 of his monograph [M] of 1916, F. S. Macaulay proved the following Theorem 1.1. Let R be the polynomial ring k[X 1 , X 2 , . . . , X n ] over a field k. Let I be a height n ideal of R generated by homogeneous polynomials f 1 , f 2 , . . . , f n of degrees
Then for all integers i = 0, 1, . . . , δ + 1,
In his expository paper [G] P. Griffiths used Macaulay's theorem in Hodge theory of smooth hypersurfaces in projective space. He also provided a proof of this theorem by using the local duality theorem in the complex case involving the Grothendieck residue symbol. The objective of this note is to provide a modern algebraic proof which seems to be lacking in the literature. We will generalize Macaulay's theorem to m-primary ideals in standard graded Gorenstein rings.
By taking the quotient of R by I, it is enough to prove the theorem for standard graded Artinian Gorenstein rings.
A crucial result used in our proof is a theorem of Macaulay about Hilbert series of Gorenstein graded algebras. For a modern proof, see Corollary 4.4.6 of [BH] . This has been generalized to Gorenstein graded rings over Artinian rings in [JV] . We shall use the zero dimensional case of this. We recall the statement for the convenience of the reader. Let ℓ(.) denote length.
We recall certain standard facts from [BH] about local cohomology. Let R = ⊕ ∞ n=0 R n be a d-dimensional finitely generated standard graded algebra over a Noetherian local Proof. Since R is Gorenstein, it is the injective hull of its residue field. Hence by Matlis duality ℓ(Hom(R/I i , R)) = ℓ(R/I i ) for all i. Since I δ+1−i ⊆ (0 : I i ) and Proof. Since R is standard, the associated graded ring of R with respect to m is R itself. Since R is Gorenstein, its Hilbert function is symmetric by [JV] . Thus the Hilbert function is not symmetric. Hence Macaulay's theorem does not hold for R by Theorem 1.3.
